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Abstract In unilateral vocal cord paralysis (UVCP),
hoarseness is usually the leading symptom; however, the
diminished airway might lead to breathing problems as
well, especially with exertion. The application of the
classic resection glottis enlarging or medialization proce-
dures might shift the breathing and/or the voice to a worse
condition. The non-destructive endoscopic arytenoid
abduction lateropexy (EAAL) might be a solution for this
problem. The aim of our study was to analyze the phona-
tory and respiratory outcomes of this treatment concept.
The first year phoniatric [Jitter, Shimmer, harmonics-to-
noise ratio (HNR), maximum phonation time (MPT), fun-
damental frequency (F0), Voice Handicap Index (VHI),
Dysphonia Severity Index (DSI), Global-Roughness-
Breathiness scale (GRB)], peak inspiratory flow (PIF), and
quality of life (QoL) were evaluated in ten UVCP patients
treated by EAAL for dyspnea generally presented on
exertion. PIF, Jitter, QoL, GRB, and VHI significantly
improved. DSI, HNR, and MPT got non-significantly bet-
ter. F0 slightly increased in all patients, a mild deterioration
of shimmer was observed. These results prove that
improving respiratory function is not necessarily associated
with a deterioration in voice quality. The EAAL provides a
significant improvement in breathing and the vibratory
parameters of the postoperative, more tensed and
straightened vocal cords proved to be more advantageous
than the original (para) median ‘loose’ position. The over-
adduction of the contralateral side more or less compen-
sates for the disadvantageous, more lateral position of the
operated side. EAAL might be an alternative treatment for
unilateral vocal cord paralysis associated with breathing
problems.
Keywords Endoscopic arytenoid abduction lateropexy 
Minimally invasive surgery  Unilateral vocal cord
paralysis  Respiratory function  Voice quality
Introduction
Despite improved operative techniques, recurrent laryngeal
nerve injuries are not fully preventable complications of
neck and thoracic surgeries or as a consequence of a
malignancy on the pathway of the laryngeal nerves even
today ([1], Fig. 1a, b). In UVCP, the leading symptom is
usually voice weakness, which comes from the inappro-
priate vocal cord closure and difference in stiffness of the
paralyzed and non-paralyzed vocal cord [2–4]. The thera-
peutic strategies range from various voice therapies,
phonosurgical techniques, which include endolaryngeal
injections of different materials, laryngeal framework sur-
gery, arytenoid adduction, and laryngeal reinnervation.
Laryngeal pacing, which is recently evaluated for the
therapy of bilateral vocal cord paralysis, might be an option
also for UVCP in future [5]. Their aim is to achieve a
passive or an active medialization of the paralyzed vocal
cord to improve the phonation [6]. The predominance of
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voice symptoms in case of unilateral vocal cord paralysis
(UVCP) does not exclude the existence of respiratory
problems in these subjects. Dyspnea caused by UVCP is
generally not highlighted in the literature; however, it can
arise as a challenge for a surgeon. The degree of dyspnea
depends largely on the position of the paralyzed vocal cord,
cardiopulmonary reserve, and the patient’s efforts. The
larynx can be considered the ‘‘bottleneck of the airway’’.
Even a mild obstruction such as single-sided midline
position of the vocal cord in UVCP can cause breathing
difficulties, especially on exertion. This would likely
restrict the patient’s active lifestyle [7]. In these cases,
attempts to improve the voice quality with well-known
vocal cord medialization techniques would likely worsen
the respiratory symptoms. On the other hand, the classic
glottis enlarging surgical procedures are limited only to
very severe dyspnea because voice quality is usually
worsened; most such surgical options are considered both
destructive and irreversible interventions [6, 8, 9].
Endoscopic arytenoid abduction lateropexy (EAAL) is a
quick, non-destructive, reversible, minimally invasive
technique to change the arytenoid position by sutures. It
could be widely shown that EAAL immediately provides a
stable, wide glottic airway in bilateral vocal cord paralysis
[9–13]. In our recent publication based on an objective
cadaver analysis, we found that in addition to airway
improvement, EAAL may also enhance the vocal cord
vibratory function because the vocal cords are elongated
and straightened by this procedure ([8], Fig. 2a, b); UVCP
usually presents with a foreshortened and bowed vocal
fold. UVCP patients with dyspnea might also benefit from
EAAL because the range of mobility in the normal side
might be sufficient to compensate for the lateralized posi-
tion of the operated paralyzed side. The aim of this study
was to analyze the phoniatric and respiratory outcome of
the reversible vocal cord lateralization on UVCP patients
with respiratory problems.
Materials and methods
Patients
Between January 2013 and December 2015, ten patients
(seven females and three males, mean age 56.6 years,
range 38–65 years) were treated in our department because
of UVCP caused by thyroid or parathyroid surgery with a
significant degree of respiratory problems attributable to
their vocal cord pathology. They underwent EAAL for a
minimum of 6 months after the onset of the paralysis.
There was no significant cardiorespiratory insufficiency
besides UVCP in this series. The respiratory impact of the
UVCP in the series is as follows: in five women and in one
man the glottic opening was insufficient for effortless
breathing. In four cases, the respiratory insufficiency was
more a manifestation of limits on exertion relative to their
very active lifestyle (e.g., hunting or sport activity). All the
patients complained of dyspnea (Fig. 3a); all complained
of dysphonia, with two describing this part of their com-
plaints as mild; all of them described their dyspnea as a
much bigger issue than their voices. (Figs. 3, 4). After a
careful review of their options (e.g., no treatment, other
glottis enlarging procedure, etc.) they preferred the
Fig. 1 Endoscopic pictures of a 52-year-old male with UVCP on the
right cord after thyroidectomy. Breathing problems presented only on
effort: a inspiration, b phonation; 1st postoperative year after right
sided EAAL: c inspiration, d phonation. After the surgery the
lateralized vocal cord is more straight and tensed, the airway and the
phonatory closure are improved. UVCP unilateral vocal cord
paralysis, EAAL endoscopic arytenoid abduction lateropexy
Fig. 2 EAAL performed on the left side of a cadaver larynx (larynx
no. 1, 69-year-old male). Parameters determining the phoniatric
outcome: angle of the half-anterior commissure (red angle); length of
the vibrating part of vocal cord (yellow arrow); a cadaver position.
b Lateralized position of the left vocal cord after EAAL. EAAL
endoscopic arytenoid abduction lateropexy
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reversible EAAL surgery to improve their breathing. The
study was approved by our Institutional Ethics Committee.
Surgical procedure
The endoscopic arytenoid abduction lateralization, or
EAAL, involves the endoscopic creation of suture
loop(s) around the arytenoid cartilage to broadly reposition
it relative to the thyroid lamina and cricoid. This reposi-
tions it into a physiological, abducted position [14]. The
endolaryngeal thread guide instrument (ETGI; Mega Kft,
Szeged, Hungary) was designed for safe, fast, and accurate
suture loop creation (Figs. 5, 6). All of the operations were
performed under general anesthesia via total intravenous
anesthesia and supraglottic jet ventilation as described in
our earlier publications [8, 10, 15]. The treatment goal in
UVCP with airway obstruction was to enlarge the airway
without resorting to maximal abduction, which would
diminish the voice unnecessarily. This is a significant dif-
ference when compared to the BVCP surgeries in prior
papers [8, 11, 14, 15]. To accomplish this, the lateralizing
suture was placed more posteriorly around the body of the
arytenoid cartilage instead of placing one limb of the loop
around the vocal process. This is to force the arytenoid
cartilage into a more posterior location than in normal
abduction, which elongates the vocal fold and results in
increased tension on the vocal cord. Furthermore, this
variation from the original technique diminished the out-
ward rotation of the arytenoid keeping the cord straighter
relative to the plane of the membranous cord. The degree
of lateralization was adjusted by the surgeon tying the knot
under optimal tension with endoscopic guidance from the
surgeon looking into the microscope. (Fig. 1c, d).
Voice assessment
Voice assessment was performed according to the guide-
lines elaborated by the Committee on Phoniatrics of the
European Laryngological Society [16]. Pre- and postoper-
ative (12th month) voice analyses were done. The
Fig. 3 Results of the complex voice analysis panel after endoscopic
arytenoid abduction lateropexy in UVCP patients. Thin lines represent
the changing of the individual values, the dashed lines demonstrate
the average of the values. Gray area represents the range of
physiological values. a Quality of Life score (QoL, significant
improvement). b Dysphonia Severity Index (DSI, non-significant
improvement). c ‘‘Global-Roughness-Breathiness’’ score (GRB, sig-
nificant improvement). d Voice Handicap Index score (VHI, signif-
icant improvement)
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Fig. 4 Objective voice and
respiratory results after
endoscopic arytenoid abduction
lateropexy in unilateral vocal
fold paralysis (UVCP) patients.
Thin lines represent the
changing of the individual
values, the thick-dashed lines
demonstrate the average of the
values. The gray area represents
the normal range of values.
a Peak inspiratory flow (PIF,
significant improvement).
b Fundamental frequency (F0,
non-significant change). c Jitter
(significant improvement).
d Shimmer (no significant
change). e Harmonics-to-noise
ratio (HNR, non-significant
improvement). f Maximum
phonation time (MPT, non-
significant change)
Fig. 5 Schematic drawing of endoscopic arytenoid abduction later-
alization (EAAL) procedure. Left arytenoid is lateralized by sutures.
a The built-in, curved blade is pushed through under and above the
vocal process with a doubled-over thread. b The procedure enables
the endoscopic creation of two fixating loops, providing maximal
physiological abduction of the arytenoid cartilage
Fig. 6 Endolaryngeal thread guide instrument (ETGI). a Handling,
stem-pipe and curved blade in pushed-out position (stem-pipe and
blade designed for infants. b Blades and needles designed for infants
(1), females (2) and males (3)
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postoperative test was done at the end of the first postop-
erative year, when complete adaptation of the larynx and
the phonation to the new circumstances could be expected.
Speech recording
Voice samples were recorded with a high sensitivity
(40 Hz–16 kHz) condenser head microphone (Audio-
Technica ATM 73 ac; Audio-Technica Corporation,
Tokyo, Japan). The patients were in an upright sitting
position with a head-mounted microphone angulated at 45
with respect to the mouth. The distance between the mouth
and the microphone was kept at 5 cm. The acoustic data
was obtained from the recordings of three samples of
sustained /a:/ at a comfortable pitch and loudness, and a
standardized, connected speech sample. All recordings
were made digitally in a soundproof room and transformed
to wav files at a 96 kHz sampling frequency using a 24-bit
external soundcard (Tascam US 122MkII; TEAC Corpo-
ration, CA, USA).
Acoustic and aerodynamic measurements
Sustained /a:/ voices were analyzed using the segment from
0.50 to 2.00 s from each sample. Jitter %, Shimmer %,
pitch, harmonics-to-noise ratio (HNR) and maximum
phonation times (MPT) were assessed using Praat 5.3.37
software (www.praat.org).
Perceptual voice analysis
Connected speech recordings were perceptually analyzed
by a group of three physicians and a speech therapist. This
group of ‘‘judges’’ were familiar with recurrent nerve palsy
patients, each having worked in this sphere of care for
several years. Voice recordings were assessed according to
the G (global) R (roughness) B (breathiness) criteria (GRB)
scale [16–18]. For each criterion and each sample, the
judges gave a score ranging from 0 (normal) to 3 (severe).
The mean values were used for statistical analysis. The
samples were presented in a random order with respect to
surgery and blinded with respect to the patient’s identity.
Subjective self-evaluation
To assess the patients’ voice related to their quality of life,
the Hungarian version of the Voice Handicap Index (VHI),
was applied [17, 19]. The questionnaire contains 30 items
in three subscales [functional, emotional, and physical (ten
items in three subscales)] designed to quantify patients’
self-assessment of everyday voice limitation. Answers are
given in a five-point scale ranging from 0 (never) to 4
(always). The overall VHI score (raw score) can be used to
grade the subjective degree of handicap from 0 [no hand-
icap (raw score 0–14)] to 3 [severe handicap (raw score
51–120)].
Complex, calculated linear index for evaluation
of dysphonia
The Dysphonia Severity Index (DSI) was used in the study
to measure the overall quality of voicing [20]. The DSI is
designed to establish an objective and quantitative mea-
surement of the perceived voice quality to assess the effi-
cacy of therapy among dysphonic patients. The index is
based on the weighted combination of objective acoustic
and aerodynamic parameters.
A normal voice equals ?5 and a severely dysphonic
voice would be -5. The more negative the DSI, the worse
the voice quality is. DSI can reach values under -5 and
over ?5 as well.
Respiratory assessment
The peak inspiratory flow (PIF) is a common test of
inspiratory efficiency and can be used to quantify the
effectiveness of glottis widening procedures [21–23].
Spirometric measurements were performed using a Thor
Spirotube–PC spirometer (THOR Laboratories Kft., Sze´-
kesfehe´rva´r, Hungary). The Quality of Life questionnaire
of the Lausanne team (assessing the functional outcomes of
the surgery in terms of breathing, voice, swallowing, and
overall satisfaction) was used in self-evaluation of respi-
ratory function [24].
Results
Respiratory results
All patients showed an objective and stable airway
improvement at 12-month follow-up. The average PIF
increased significantly from 1.83 to 3.57 l/s (change 1.74 l/
s, 195.1% of baseline) (Fig. 4a). The significant improve-
ment of QoL scores by 32.2% also showed the patients’
satisfaction with their respiratory function. The average
score improved from 11.5 to 7.8 (decrease of 3.7) (Fig. 3a).
Voice results
Fundamental frequency slightly increased in all patients
(Fig. 4b). The value of Jitter decreased in nine cases and
increased in one case. The average Jitter value decrease
was 0.38 (Fig. 4c). Shimmer varied minimally, decreasing
slightly in seven cases, and increasing in three patients.
Therefore, the average Shimmer worsened somewhat
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(Fig. 4d). The harmonics-to-noise ratio (HNR) increased in
six cases and decreased in four cases. The average HNR
improvement was 0.82 (Fig. 4e). Surprisingly, even the
maximum phonation time (MPT) increased in eight cases,
however, a mild impairment occurred in two patients. The
average MPT improvement was 2.18 s ([14, 25, 26];
Fig. 4f), but this did not reach statistical significance.
The complex voice analyzing panels also demonstrated
the improvement of the voice in general. The overall
objective voice result, Dysphonia Severity Index (DSI), got
better in all of the patients compared to the preoperative
one. DSI revealed voice improvement. The average DSI
improvement was 0.64 (Fig. 3b). The perceptual voice
analysis according to the Global-Roughness-Breathiness
(GRB) scale the scores improved in all cases as well
(Fig. 3c). The Hungarian Voice Handicap Index (VHI)
demonstrated that patients also considered their voices
improved (Fig. 3d).
Complications
Mild, self-limited aspiration was noted in three patients of
the ten patients. It spontaneously ceased within the first
postoperative week. No other complication occurred in the
follow-up period.
Discussion
Generally, hoarseness is the main complaint in patients
experiencing unilateral vocal cord paralysis (UVCP). This
is effectively treated by the well-established medialization
procedures. When UVCP includes airway limitations, the
impact on quality of life is much greater [9, 27]. This can
result from one or more factors that include: decreased or
absent abductory support during inspiration (a flail cord), a
medially tipped arytenoid body, synkinesis with adductory
activity during inspiration, post-paralysis contracture of the
cricoarytenoid joint capsule, high flow rate needs from a
small larynx, concomitant cardiac or pulmonary insuffi-
ciency, and obesity [28]. Since improving the voice and
widening the airway are considered opposing processes,
improving the voice may compromise the airway further
and could warrant a tracheostomy. Conversely, improving
the airway by standard techniques like cordotomy and
traditional lateralization will commonly diminish the voice
further. Theoretically, dynamic, selective reinnervation
procedures which restore the mobility of the vocal cord
might be the ideal solution to this problem [29]. These
irreversible interventions, establishing a selective anasto-
mosis between the adductor and abductor branches of the
recurrent laryngeal nerve and the appropriate branches of
the phrenic nerve and hypoglossal nerve over a time period
of 6 to 9 months, can be applied even in cases of an
unfortunate synkinetic reinnervation status [10]. This rather
invasive surgery requires an extensive exposure of the
neck, a properly trained surgeon and a relatively long
recovery period; thus, these intervention nowadays are
performed only in few centers. A minimally invasive
solution with immediate symptom relief in UVCP cases
with respiratory problems might be in future the applica-
tion of laryngeal pacing devices, which are primarily
intended to treat BVCP [5]. The use of the simpler, classic
glottis enlarging procedures such as partial or total ary-
tenoidectomy, transverse cordotomy, and submucosal
cordectomy is to be considered carefully because they
irreversibly impair phonation by the destruction of the
voicing structures.
Isshiki described the length, elasticity, and mass of the
vocal cord as the outcome-determining factors during
phonosurgery which can be justified by physical principles
as well [4, 30]. According to Isshiki, apart from the inap-
propriate closure, these unbalanced vocal cord parameters
cause chaotic vibration patterns and the hoarseness typical
of UVCP. The endoscopic arytenoid abduction lateropexy
(EAAL) is based on the lateralization of the arytenoid
cartilage with the membranous vocal cord. The entire vocal
unit is displaced in a physiological manner without resec-
tion of phonatory structures. In our recent publication made
on 100 cadaver larynxes proved that after this procedure
the vocal cords become straighter and tensed than after any
other endoscopic glottis enlarging intervention [8]. By the
enlargement of the glottic area, the airflow velocity
between the cords is slowed for the same volume per
second (according to the Bernoulli principles). This in turn
reduces the medialization effect of the vacuum that rapid
airflow velocity generates (the Venturi phenomenon) on
the mass of the vocal cords during inspiration that causes
stridor. It also provides a more favorable condition for
phonation according to the postulates of Isshiki.
Another vocally important factor is the postoperative
angle of the vocal cords at the anterior commissure [31].
EAAL produces a relatively small angle [8] compared to
other interventions. This facilitates better phonation clo-
sure. The convex cricoid facet guides the concave ary-
tenoid facet antero-posteriorly during the abduction. There
is also some degree of physiological rotation during
abduction [32, 33].
In cases of UVCP, the goal of EAAL is not to produce
maximal airway enlargement. This is because of the intact
contralateral side. By placing the lateralizing suture more
posteriorly than in case of BVCP, the arytenoid cartilage is
moved more posteriorly but not as far laterally, as in full
physiological abduction. This maneuver improves the
tension and the straightness of the vocal cord and dimin-
ishes the rotation effect of the suture loops, thus the angle
3708 Eur Arch Otorhinolaryngol (2017) 274:3703–3710
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of the anterior commissure. These factors have been shown
to improve phonatory closure as seen in these patients
(Fig. 1d). The endoscopic control proved a continuous
improvement of the phonation closure which completed
generally after several weeks. This remained stable in the
follow-up period as it is demonstrated by the improved
voice parameters at the end of the first year.
Our functional tests clearly demonstrate the advantages
of this concept. The airway significantly improved early
after intervention. In spite of this, the objective and the
subjective preoperative voice parameters did not worsen;
moreover, in many cases, significant improvement was
recorded. This voice improvement, together with the more
adequate airway, clearly explains the significantly
improved quality of life.
Aspiration is relatively common with other glottic
widening techniques. The preserved arytenoid mucosa
likely protects the laryngeal reflex arc, which is enabled by
the intact superior laryngeal nerve along with intact
adduction of the contralateral side. This seems to decrease
the incidence and duration of this complication
[14, 15, 34].
Conclusion
In case of a unilateral vocal cord paralysis (UVCP) with
hoarseness and breathing impairment, the airway
improvement can be achieved without a loss of voice
quality by this modified endoscopic arytenoid abduction
lateropexy (EAAL) procedure in the majority of cases. The
intact, lateralized, straightened, and tensed vocal cord
complex provides better voice results than the lax para-
median position of the preoperative paralyzed cord. This
intervention is nondestructive, reversible, and minimally
invasive.
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